Introduction
Acanthosis nigricans (AN) is clinically manifested as dark, velvety, and thickened skin, symmetrically distributed over the neck, axillae, and other flexural regions of the body. In rare circumstances, it is found over the face. [1] Veysey and Ratnavel reported a case of facial AN (FAN), which was associated with obesity and hyperinsulinemia. [2] Verma et al. [3] documented an increased prevalence of obesity and insulin resistance in patients presenting with FAN. [3] However, studies correlating the presence of FAN with features of metabolic syndrome are lacking. With this background, we attempted to determine the systemic predictors of FAN. We present a case-control study of patients with FAN to assess the clinico-epidemiological parameters of patients, and to estimate the correlation of hypertension, increased waist-hip ratio (WHR), increased body mass index (BMI), type 2 diabetes mellitus, deranged lipid profile, serum insulin, and impaired oral glucose tolerance test (OGTT) in FAN patients. Further, we have also attempted to determine the most significant predictor of FAN.
Aims and objectives
The aims of this study were to investigate the clinicodemographic profile of patients with FAN; assess the correlation of hypertension, increased WHR, increased BMI, type 2 diabetes mellitus, deranged lipid profile, serum insulin, and impaired OGTT (parameters of metabolic syndrome) in FAN patients; and determine the most significant predictor (highest relative risk) of development of FAN.
Inclusion criteria
All consecutive and consenting patients presenting to the outpatient department of dermatology with clinical features of FAN (brown-to-black pigmentation with ill-defined margins and velvety surface on the face with or without the presence of similar features on neck, axilla, groin, and other flexural regions) were included in this study. An age-and sex-matched control group was included consisting of all the patients presenting to the outpatient department of dermatology without a clinical diagnosis of FAN or having lesions of AN in any other part of the body. To minimize selection bias, recruitment of control group was done by an independent investigator who was not involved in the study in any other role.
Exclusion criteria
Patients with non-FAN causes of facial melanosis were excluded from the study (melasma, lichen planus pigmentosus, pigmented contact dermatitis, Riehl's melanosis, etc.). While selecting the control population, persons with AN (facial or nonfacial) were excluded from the study for obvious reasons.
Study design
This was a multicentric case-control study conducted in the outpatient departments of dermatology of multiple institutes. Ethics Committee clearance was taken from all the participating institutes. The study was conducted over a period of 2 years (February 2015 to January 2017). All the authors contributed equally to the recruitment of cases and generation of data. One hundred and thirty-nine patients with a clinical diagnosis of FAN were found, of which 16 did not give consent for participation. Hence, a total of 123 cases were included in the study. The study recently conducted by Verma et al. [3] recruited 102 cases. The participants were subjected to thorough history taking and clinical examination. Age, sex, occupation, age of onset of FAN, presence of other skin diseases, family history of AN including FAN, diabetes, hypertension, dyslipidemia, history of smoking, alcohol intake, history of drug intake, duration of disease, blood pressure, WHR, and BMI were recorded. Menstrual and reproductive history was noted in females.
Cutaneous examination was done, and the lesions of FAN were described in terms of color, texture, and part of face involved. In addition, the presence of AN on other parts of the body was also documented. Other features such as acne, androgenetic alopecia, and acrochordons were also noted. Skin biopsy for histopathological examination was done among consenting patients. Each patient was subjected to fasting blood sugar, fasting serum insulin, OGTT, and lipid profile.
Blood pressure was measured, and 130/85 was considered as the normal level. If any of these levels were higher, the patient was labeled as hypertensive.
Waist circumference (WC) was measured using a nonstretchable flexible tape in horizontal position, just above the iliac crest, at the end of normal expiration, in the fasting state, with the subject standing erect and looking straight forward and observer sitting in front of the subject. As per the consensus statement provided by Misra et al. in 2009 , the risk of developing metabolic syndrome is higher in men with WC ≥36 inches and in females with WC ≥32 inches. Hip circumference was measured as the widest part of the buttocks. WHR was calculated. As per guidelines, we grouped WHR as normal: <0.8, overweight: 0.81-0.85, obese: 0.86-0.9, and morbid obese: >0.9. [4] BMI is calculated as a ratio of weight in kilograms divided by height in meters squared (kg/m 2 ). The currently recommended cutoffs of BMI recommended by the World Health Organization include 18.5-24.9 kg/m 2 for normal, 25.0-29.9 for overweight, and >30 kg/m 2 for obesity. However, Indians have higher percentage body fat, abdominal adiposity at lower or similar BMI levels as compared to white Caucasians. Therefore, as per the consensus statement provided by Misra et al. in 2009, we considered normal BMI as 18.0-22.9 kg/m 2 , overweight as 23.0-24.9 kg/m 2 , obesity as >25 kg/m 2 , and morbid obesity as >30 kg/m 2 .
Dysglycemia was defined as fasting blood sugar level of >100 mg/dl. Fasting serum insulin was also measured and homeostatic model assessment-insulin resistance (HOMA2-IR) was calculated. Classification was done as normal <2, borderline 2-2.2, moderate 2.2-3, and severe >3. [5] Lipid profile was measured and a level of triglycerides ≥150 mg/dl and high-density lipoprotein (HDL) <40 mg/dl in males and <50 mg/dl in females was labeled as "deranged."
OGTT was performed as per standard recommendations. After 2 h, blood glucose of >140 mg/dl was considered as impaired OGTT. Evaluation of normality was done using the Kolmogorov-Smirnov goodness-of-fit test. Normally distributed continuous variables were expressed as the mean and standard deviation (±SD). Categorical data were reported as numbers and percentages. Comparison of numerical variables between the two groups was done using Student's unpaired t-test. Intergroup analysis was done using Chi-square test and Fisher's exact test (two tailed). Odds ratio was calculated for hypertension, deranged lipid profile, dysglycemia, impaired OGTT, HOMA2-IR, serum insulin, BMI, and WHR. Relative risk of developing FAN in the presence of the risk factor was expressed for each of the variables. P < 0.05 was considered statistically significant. Factors significantly different between cases and controls (at level of P < 0.05) on univariate analysis were entered into multivariate (binary logistic regression) analysis. Hosmer and Lemeshow test was used for the goodness of fit for logistic regression (Step 1, Chi-square 1.868, degrees of freedom 8, and significance 0.985). In logistic regression analysis, data of 213 of 246 individuals were selected for analysis. Thirty-three individuals could not be included because of lack of data pertaining to OGTT.
Statistical analysis was done using

Results
One hundred and thirty-nine patients were found to have FAN, over a period of 2 years (study duration), of which 123 consented to participate in the study. In addition, 123 age-and sex-matched controls were included in the study. Descriptive variables were normally distributed by Kolmogorov-Smirnov goodness-of-fit test. Mean age of the patients with FAN was 38.83 ± 8.62 years. The youngest patient was 22 years old, whereas the eldest one was 61 years old. The male-to-female ratio was 4.35:1 (100 males and 23 females). Ninety-two patients (74.80%) reported outdoor activities of >2 h.
Mean age of onset of the disease was 30.93 ± 8.18 years. The earliest age at which the lesions of FAN began to appear was 13 years. Three patients (2.43%) had features of premature adrenarche, which was statistically insignificant. Forty-one patients (33.33%) reported the presence of similar disease in the family. Twenty-eight patients gave a positive family history of diabetes in the family (22.76%), whereas 34 patients (27.64%) had a family history of dyslipidemia. Thirty-seven patients (30.08%) reported the presence of obesity in their family members. Twenty-nine (23.58%) and twenty-four (19.510%) patients had a history of smoking and consumption of alcohol, respectively.
Hypertension was present in forty cases (32.52%) and 37 controls (30.08%) (Fisher's exact Test, 2-tailed P = 0.783).
As per the WHR, 16 patients (13.00%) were found to be normal (WHR1), 58 patients (47.15%) were overweight (WHR2), 32 patients (26.02%) were obese (WHR3), and 17 (13.82%) were found to have morbid obesity (WHR4). When compared with controls, fifty patients (40.65%) were overweight (WHR2), 17 patients (13.82%) were obese (WHR3), and one patient (0.81%) had morbid obesity (WHR4). Intergroup analysis was done using Pearson's Chi-square test, and the result was statistically significant (P < 0.001), on overall comparison as well as, on comparing WHR2, WHR3, and WHR4 versus WHR1.
BMI was calculated, and 11 patients were normal (BMI1), 85 patients (69.10%) were found to be overweight (BMI2), 24 (19.51%) were obese (BMI3), and 3 (2.44%) were morbidly obese (BMI4). Among the controls, 54 (43.90%) were overweight (BMI2) and 7 (5.69%) were obese (BMI3). Intergroup analysis was done using Pearson's Chi-square test, and the result was statistically significant on overall comparison (P < 0.001). Similar results (P < 0.001) were found on comparing both BMI2 and BMI3 versus BMI1. When BMI4 was compared with BMI1, the P value was found to be 0.005.
Serum insulin was elevated in 45 cases (36.59%) and 20 controls (16.26%). Intergroup analysis was done using Fisher's exact test (2 tailed), and the result was statistically significant (P < 0.0001).
The average HOMA2-IR was 4.22 ± 1.79. Nineteen (15.45%) and 58 (47.15%) of the patients had moderate and severe insulin resistance, respectively, as per the HOMA2-IR levels. The average fasting blood sugar level was 109.65% mg.
Dysglycemia was noted in 67 cases (54.47%) and 41 controls (33.33%). Intergroup analysis was done using Fisher's exact test (two tailed), and the result was statistically significant (P = 0.001).
Dyslipidemia was noted in 48 cases (39.02%) and 38 controls (30.89%). Intergroup analysis was done using Fisher's exact test (two tailed) and the result was not statistically significant (P = 0.228).
OGTT was impaired in 55 cases (44.71%) and 25 controls (20.32%). It could not be done in 18 cases and 15 controls. Rest of the cases and controls had normal results. Intergroup analysis was done using Fisher's exact test (2 tailed), and the result was statistically significant (P < 0.001).
Univariate odds ratio was calculated and factors found have significant differences between cases and controls (at level of P < 0.05) on univariate analysis were entered into multivariate (binary logistic regression) analysis. Factors remaining significant upon logistic regression have been indicated in bold [ Table 1 ].
Our results show that male sex, positive OGTT, increased WHR, and increased BMI were found to be most significantly related to FAN. Another interesting observation was smoking, which was found to have a protective effect against the development of FAN.
Cutaneous examination findings were noteworthy. Brown-black pigmentation was present in 97 patients (78.86%), and the color was grayish brown in the remaining ones. The most common texture of the skin was noted as dry and rough. Acrochordons were present in 53 patients (43.09%). The most common site of face involved was the forehead and temporal region (85 patients, 69.10%) followed by zygomatic region (71 patients, 57.72%) [Figures 1-5 ]. Eighteen patients each had periocular and perioral involvement (14.63%). Generalized facial pigmentation was noted in one patient only. Besides, the degree of pigmentation, velvety thickening, and rugosity of the skin was found to increase in proportion to the severity of the disease.
Apart from face, AN was found in 100 patients over the neck (81.30%) followed by 61 (49.59%) over the axilla and 36 (29.26%) over acral regions. Four patients (3.25%) had severe involvement of neck, axilla, groin, and acral regions.
Biopsy was performed in 32 patients. Hyperkeratosis and hypermelanization of the basal layer was the most Table 1 
: Odds ratio table. Factors significantly different between cases and controls (at level of p < 0.05) on univariate analysis were entered into multivariate (binary logistic regression) analysis. Factors remaining significant upon logistic regression have been indicated in bold. Note that smoking appears to be a protective factor
Discussion
AN is clinically manifested as brown to black velvety thickening of the skin of the neck, axillae, groins, inframammary regions, and acral regions. However, FAN characteristically involves the zygomatic and malar areas of the face, the overlying skin being rough, dry, and verrucous. Studies on FAN are lacking, and our study is the first multicentric case-control study.
A study conducted by Verma et al. [3] in 2016, among 102 patients with FAN between 16 and 58 years of age showed a male predilection (2.9:1). There was velvety thickening of the forehead in 59.80%, periorbital darkening in 17.64%, perioral darkening in 12.74%, and generalized darkening in 9.8% of cases. A similar study by Sharquie and Al-Ogaily [6] in 2015, among thirty patients between 16 and 58 years of age showed a male preponderance (male:female ratio: 29:1). The pigmentation was localized to the forehead in 92.3%, temporal areas in 54%, nasolabial folds in 57%, and cheeks in 66.6% of the patients. In our study, the trend of male preponderance was followed, but the ratio was 4.35:1. Verma et al. [3] found 21.5% patients who gave a history of sun exposure for >2 h/day. However, we found 74.80% patients who were exposed to sunlight for >2 h a day. This raises a question regarding the role of sunlight in the etiopathogenesis of FAN. It is too early to comment on this issue, before larger series of cases of FAN with clinico-pathological correlation is published.
We found that the involvement of forehead and temporal region in 69.10% cases and zygomatic area in 57.72% cases. Periocular and perioral involvement each was noted in 14.63% of the patients. AN was found in neck of 81.3% of the patients, axilla in 49.59% of the patients, and axilla in 29.26% of the patients. In the study by Verma et al., [3] systemic comorbidities such as hypertension were noted in 49.01%, dyslipidemias in 50.98%, and ischemic cardiac disease in 3.92% cases. We found isolated systolic hypertension in 22.76%, isolated diastolic hypertension in 3.25% cases, and both systolic and diastolic pressures were elevated in 6.50% cases. Dyslipidemia was present in 39.02% of our cases, and we found that patients with dyslipidemia were 1.43 times more prone to develop FAN. Similar to our findings, the study by Sharquie and Al-Ogaily found significantly higher levels of fasting serum triglyceride, total cholesterol, growth hormone, and serum leptin in patients with FAN in comparison with control individuals.
In the study by Sharquie and Al-Ogaily, [6] 33.33% patients were overweight and 53.3% were found to be obese. Verma et al. [3] found that 85.29% of the males were obese and 7.8% were overweight. In case of females, 100% of them belonged to the obese category.
As per WHR, we found that 47.15% of the patients were overweight, 26.02% of the patients were obese, and 13.82% of the patients were found to have morbid obesity. When compared with the controls, the results were found to statistically significant. Besides, it was found that overweight, obese, and morbidly obese patients were 1.8, 2.5, and 56 times more prone to develop FAN, respectively [ Table 1 ]. We calculated the BMI and found that 69.10% of the patients were overweight and 19.51% of the patients were obese (statistically significant results when compared with controls). To note, patients with increased BMI (overweight) were 5.6 times more likely to develop FAN in their life, and those who were classified into obese category as per BMI were two times more likely to develop FAN. On the basis of these results, we propose increased WHR and BMI as reliable predictors of the development of FAN.
In our study, hyperinsulinemia was noted in 60.97% of patients, diabetes in 54.47% of patients, and OGTT was impaired in 44.71% of patients. All of them were found to be significantly higher in comparison to the control group. Therefore, in our study, FAN is well in accordance with the etiopathogenesis of AN (hyperinsulinemia, dysglycemia, increased WHR, and increased BMI).
According to the consensus statement provided by Misra et al., three out of the following five factors need to be present for identification of metabolic syndrome: [4] 1. Abdominal obesity (>40 inches in males and >34.5 inches in females), non-obligatory criterion 2. Fasting blood glucose ≥100 mg/dl 3. Blood pressure ≥130/85 mmHg 4. Triglycerides ≥150 mg/dl 5. HDL (<40 mg/dl in males and <50 mg/dl in females).
Consistent with the definition of metabolic syndrome provided by Misra et al., increased WHR, hyperglycemia, hypertension, and dyslipidemia were significantly higher in the patients with FAN. We can, therefore, conclude that patients presenting with FAN need a thorough workup for underlying metabolic syndrome.
Sharique et al. [6] and Verma et al. [3] attributed the pigmentation to hyperkeratosis, increased melanin, presence of large epidermal melanocytes, and dermal melanin. Consistent with the findings of previous studies, we found thickening of epidermis, increased melanization of epidermis, and presence of dermal melanophages. [7] Papillomatosis was seen in very few cases. This could be attributed to the lesser number of rete pegs in the facial skin as compared to the skin of other parts of body which are typically involved in AN. Earlier authors have proposed the role of elevated growth hormone and pigment epithelium-derived factor (PEDF), in the pathogenesis of AN. [8] Besides, Sabater et al. had documented the role of elevated pigment epithelium-derived factor levels in the development of insulin resistance, leading to AN. It was also mentioned that the levels of PEDF and the pigmentation of skin decreased after weight loss. [9] 
Limitations
We were unable to perform biopsies in a large number of patients. This is one of the limitations of our study. Further studies on clinicopathological correlations of FAN are required. It is important to find out whether any histological finding has a correlation with the severity of FAN and the underlying systemic diseases. In the same vein, though we recognize that the morphology of FAN is expressed with varying severity, we did not do a grading according to clinical presentation, association with metabolic markers, and histopathological findings. These could certainly be taken up in a future study. Besides, we could not measure the levels of growth hormone and leptin due to logistic difficulties.
Conclusion
FAN is not an uncommon entity. Male patients, those with elevated HOMA2-IR level, positive OGTT, increased WHR, and increased BMI have a significantly higher probability of developing FAN. Smoking has been found to have a protective role against the development of FAN. Further studies should be done to validate this finding. Thus, a patient of FAN should be thoroughly evaluated for underlying systemic illness, even if there are no signs and symptoms of cardiovascular disease and metabolic syndrome.
